The chemical forms of manganese compounds in soybeans were studied. About 55%of the total manganesein soybeans was extracted into the aqueous supernatant. Separation of the aqueous supernatant by gel chromatography revealed that the ligand-binding manganese localized in three molecular weight fractions (> 100,000, about 60,000, and < 1,000). The largest molecular weight manganese-binding compound consisted of protein, calcium, and phosphorus compoundbinding manganese. Phosphorus compound-binding manganese easily dissociated from the macromolecule by gel chromatography. Manganese in the 60,000 molecular weight fraction tightly bound to protein. This bond was affected neither by 2-mercaptoethanol, by sodium dodecyl sulfate, nor by EDTA.The lowest molecular weight ligand-binding manganese did not bind to DEAE-Sephadex Gel chromatography. The protein fraction (F-l) and the low-molecular weight fraction (F-II) were separated from the extract by gel filtration on Sephadex G-50 in a 2.6x35cm column equilibrated with 0.01 m Tris-HCl buffer (pH 7.4). F-I was chromatographed on a 2 x 75cm column of Sephadex G-100 with 0.01 m Tris-HCl buffer (pH 7.4). The column had been previously calibrated with the molecular weight markers. The absorbance at 280nm of the effluent was monitored in a flow cell. F-II was gel filtered first on a 2.6x80cm column of Sephadex G-25 with 0.01 m Tris-HCl buffer (pH 7.4), and the appropriate manganese-binding fraction was then rechromatographed on Sephadex G-10 in a 2 x 80cm column with 0.01M Tris-HCl buffer (pH 7.4). The manganese-binding component in F-II from the gel filtration step was chromatographed on a 1.6x22cm DEAE-Sephadex A-25 column. The column had been equilibrated with 0.02m ammoniumacetate buffer (pH 7.4), and after sample application was washed with 90 ml of the same buffer and then eluted with a linear gradient of 0.02-0.5m buffer (300ml) at a flow rate of 30ml/hr. Chemical treatment.
F-l (200mg) was dissolved in 2ml of 0.01m Tris-HCl buffer (pH 7.4) followed by the addition of EDTAto a final concentration of 0.01 m.2i3) After being stirred for lOmin, the mixture was put on a 2x75cm Sephadex G-100 column equilibrated with 0.01 m Tris-HCl buffer (pH 7.4). Another portion of F-l (200 mg) was also dissolved in the buffer containing 2-ME and/or SDS and chromatographed on Sephadex G-100 in the presence of 2-MEand/or SDS. The concentrations of 2-ME and SDS were 0.01m and 0.2% in the buffer, respectively.
F-l (160mg) was dissolved in 2ml of the buffer containing 0.015m or 0.005m calcium chloride.
After being stirred for lOmin, the mixture was put on a Sephadex G-100 column and eluted with 0.01 m Tris-HCl buffer (pH 7.4).
Metal analysis. Manganese were measured by atomic absorption spectrophotometry with a Nippon Jarrel-Ash model AA 781. The eluate obtained on chromatography was used directly. Phosphorus was measured by the method of Bartlett9) after ashing by a low temperature asher (International Plasma Corporation, model 1 101B).
RESULTS
The manganese content of the buffer-soluble supernatant following ultracentrifugation was 34.4/ig/g. About 55% of the total manganese in the soybeans was extracted into the supernatant. Tris-HCl buffer (pH 7.4). Fractions (4ml) were collected and analyzed for manganese, copper, zinc, cadmium, and phosphorus. The elution conditions were as described in the legend to Fig. 2 . Fig. 4 . Effects of EDTA, SDS and/or 2-ME on the Binding-status of Manganese in the Soybean Protein Fraction. F-l was dissolved in the buffer with and without SDS and/or 2-ME. EDTAwas added to the sample solution to a final concentration of 0.01 m. The mixture was stirred for lOmin and put on the Sephadex G-100 column, and then eluted with the buffer in the presence and abscence of SDS and/or 2-ME. The concentrations ofSDS and 2-ME in the buffer were 0.2% and 0.01m, respectively. The other elution conditions were as described in the legend to Fig.   2 .
The elution profile of manganese in the aqueous supernatant obtained from a Sephadex G-50 column are shown in Fig. 1 . Three peaks of the ligand-binding manganese were observed. The distributions of molecular weights of copper, zinc, cadmium, and phosphorus compounds are also shown in Fig. 1 . The manganese-binding fraction at around the fraction number 34 contained large amounts of phosphorus compounds. When F-l was stored for a few days and rechromatographed on the Sephadex G-50, the large proportion of manganese in F-l was found to move to the lower molecular weight fraction, at the fraction number 34 in Fig. 1 , with the phosphorus compounds. F-l was chromatographed on a Sephadex The column (1.6 x 22cm) was equilibrated with 0.02m ammoniumacetate buffer (pH 7.4). After sample application, the column was washed with 90ml of the buffer and then the sample was eluted with a linear gradient of 0.2~0.5 m buffer (300ml). Fractions (3 ml) were collected at a flow rate of 30ml/hr.
G-100 column (Fig. 2) . Three ligand-binding manganese were found in the molecular weight fraction of >100,000, about 60,000, and < 10,000. Small amounts of phosphorus were found at the macromolecule of > 100,000 in mol wt. Large amounts of phosphorus with manganese in F-l was observed to be released from the macromolecules by gel chromatography. For the identification of the original ligand of the released manganese in F-l, the reconstitution of the original manganese complex in F-l was tried. Figure 3 shows the elution profile of manganese in F-l after the addition of calcium ion to F-l in two concentrations. Whensufficient calcium ion was given, all of the manganese was released and about half the amount of phosphorus in lower molecules were shifted again to the macro-, molecule of > 100,000 in mol wt. Calcium ion functioned as a joining material between proteins of > 100,000 in mol wt. and phosphorus compound-bound manganese. The 60,000 molecular weight manganese compound has no phosphorus, and no effect was observed on its binding status by treatment with calcium ion.
The effects of EDTA, SDS and/or 2-ME on the binding status of the ligand-binding manganese in F-l were studied (Fig. 4) . Upon addition of EDTA to F-l, manganese that was associated with the phosphorus compounds, both at the fraction of >100,000 in mol wt. and at the fraction of < 10,000 in mol wt., were taken away irom the ligand by the chelating action of EDTA. On the other hand, no effect was observed on the binding status between manganese and the 60, 
DISCUSSION
About 55%of the total manganese in the soybeanswere extracted into the supernatant. One third of the manganese in the supernatant was associated primarily in the fraction of >100,000 in mol wt., one third was in the 60,000 molecular weight fraction, and the residual one third complexed to the ligand with mol wt. less than 1,000. Manganoproteins isolated from soybeans were soybean agglutinin (mol wt. 120,000)7) and acid phosphatase (mol wt. 240,000).6) All of the molecular weights of other manganoproteins isolated from plants, such as; superoxide dismutase,12) concanavalin A from jack bean,13) and manganin from peanut seeds,14) are not 60,000. Among them, the molecular weight of manganin from peanut seeds, 57,000, is the closest to the molecular weight 60,000 of the manganoprotein in soybean seeds. The bioavailability of this low molecular weight manganese complex needs to be assessed.
